SO 3 ] on SiO 2 was prepared, characterized and its potential evaluated for CO 2 capture via adsorption and desorption studies using gas adsorption analyzer. The physical and chemical properties were determined using N 2 adsorption/desorption and CO 2 -TPD analysis. The increasing IL loading caused a drastic decrease in the surface area as well as pore volume due to the confinement of IL within the micropore and mesopore area. However, the increasing IL loading increased the basicity of the sorbent which significantly enhanced CO 2 chemisorption. Supported [bmim][CF 3 SO 3 ] on SiO 2 revealed the physical and chemical adsorption of CO 2 and resulted in a remarkable CO 2 adsorption capacity at atmospheric pressure and room temperature (66.7 mg CO 2 /g adsorbent ) which has great potential in industrial applications.
Introduction
Ionic liquid (IL) is a green chemical for carbon dioxide (CO 2 ) capture due to its unique properties such as negligible vapor pressure, non-volatile, non-flammable, thermal stability, good electric conductivity and tunable solvating properties depending on reaction needs. Supported IL phase is a concept which combines the advantages of ILs and solid support. The immobilization of ILs onto solid supports in order to create a supported ILs phase has been reviewed by many researchers [1, 2] since the production cost of ILs by itself is impractical, expensive and has limitations for industrial applications [3] . Several kinds of support including silica gel, molecular sieve, polymer, membrane, etc., have been used to immobilize ILs via different interactions [4] .
Aki et al. [5] discovered that ILs with anions containing the fluoroalkyl group has the highest solubility towards CO 2 and are also considered as CO 2 -philic. The solubility of CO 2 in ILs depends on the pressure. The solubility increases with increasing pressure, which could reach over 0.25 mole fraction at 13 bar [6] . However, the high pressure reaction usually requires high pressure components such as reactor coolant pumps, pressuriser, steam generators, etc. which increase initial as well as maintenance costs. This is one of the key challenges in the applied research of ILs. Supported IL phase is an alternative method to overcome the problem by offering highly selective heterogeneous-homogeneous adsorbents through the physical confinement of ILs on solid support.
In the present study, supported IL phase was chosen for CO 2 capture at atmospheric pressure and room temperature in order to overcome the problem mentioned. Supported IL offered highly selective heterogeneous-homogeneous adsorbent through the physical confinement of ILs on solid support. Silica was selected as a support material since it offered amazing properties for CO 2 adsorption such as high surface area, large pore volume, thermally stable, large numbers of a hydroxyl (silanol) group and ease in the modification of surface properties. The primary concern in this study was developing adsorbent for CO 2 capture with low cost, high adsorption capacity and able to reduce energy demand for adsorption/desorption of CO 2 . In this work, the supported IL of [bmim][CF 3 SO 3 ]/SiO 2 was prepared, characterised and applied in CO 2 capture via adsorption and desorption studies using gas adsorption analyser. The studies investigated the capability of this adsorbent to adsorb CO 2 at room temperature (25 °C) and at atmospheric pressure (1 bar). The physical and chemical properties of the adsorbent were determined using N 2 adsorption/desorption and CO 2 -TPD analysis.
Materials and Method
Chemicals. The IL of 1-butyl-3-methylimidazolium trifluoromethanesulfonate, [bmim][CF 3 SO 3 ] was commercially purchased from IoLiTec Ionic Liquids Technologies GmbH. TEOS 98% was obtained from Aldrich Chemistry and used as a silica source. Absolute ethanol and acetone were purchased from Merck, Germany. Hydrochloric acid, HCl (37%) was obtained from R&M Chemicals, U.K. Pure carbon dioxide, CO 2 and nitrogen gas, N 2 (purity >99.99 %) were provided by Poly Gas Sdn. Bhd. All chemicals were of analytical grade and used without further purification. 3 SO 3 ]/SiO 2 . Preparation of supported IL on silica was synthesized using sol-gel method [7] with modifications with regards to the amount of IL loading and the use of aging temperature. Ionic liquid (0.05 g) was dissolved into a solution of TEOS (10 mL) and ethanol (5 mL) and stirred for 2 h at 40 °C. The solution was cooled to room temperature and hydrochloric aqueous solution (5 mL, 1.0 M) was added dropwise under vigorous stirring. After 5 h, the solution was exposed to a vacuum at 60 °C for the removal of ethanol solvent. Subsequently, a transparent gel was formed. Then, the gel was aged for 12 h in air at 100 °C. The obtained materials were dried under vacuum at 80 °C to eliminate the volatile compound The physical and chemical properties were characterized using a volumetric technique instrument (gas sorption analyser, Micromeritics ASAP 2020) for the determination of the surface area, total pore volume and average pore diameter and the CO 2 -TPD technique (temperature-programme-desorption, TPDRO 1100) was used for determination of basicity properties of the adsorbent. For physical properties, approximately 0.3 g of [bmim][CF 3 SO 3 ]/SiO 2 was degassed at 150 °C for 10 h under vacuum to remove absorbed moisture and gases prior to analysis. The N 2 adsorption/desorption data was recorded at liquid nitrogen temperature (-196 °C) and applied in a relative pressure (P/P o ) from 0 to 1.0. The surface areas were calculated using BET method. The total pore volume was determined by converting the amount of N 2 adsorbed at relative pressure to the volume liquid adsorbate. Multilayer CO 2 adsorbed by physical adsorption at 25 °C and room pressure was measured using the above mentioned instrument with a degassing step prior to analysis. CO 2 captured via adsorption/desorption analysis was carried out under a water circulating bath in order to control the temperature.
Preparation of Supported [bmim][CF
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For chemical properties, the adsorbent was measured using the CO 2 -TPD technique with approximately 0.05 g sample placed in the sample tube and pretreated under N 2 flow at 150 °C for 15 min to remove any absorbed moisture. The sample was cooled down to room temperature before the adsorption process. The adsorption of CO 2 was carried out under CO 2 flow at 30 °C. After 1 h of adsorption time, the flow was then switched to helium and the temperature was raised from 50 °C to 800 °C followed with a CO 2 desorption by thermal conductivity. The results were measured using TCD detector and plotted as temperature vs. TCD signal. The area under the curves were integrated to obtain the amount of CO 2 adsorbed. Fig. 2 . The isotherms of SiO 2 shows the typical Type IV adsorption isotherm with hysteresis loop which is classified as mesoporous adsorbent. However, the immobilisation of IL onto SiO 2 exhibited a Type II physisorption isotherms according to the IUPAC which indicated that the adsorption/desorption occurred on non-porous or macroporous materials. The knee point at P/P o ~ 0.1 showed the completion of a monolayer adsorption and the onset of a multilayer adsorption. The thickness of the adsorbed multilayer generally appeared to increase without limits when P/P o = [8] . Immobilization of IL onto SiO 2 also resulted in an increase in average pore diameter (2.1nm -5.9nm) due to the IL filling in the mesopores and surface area and thus enlarged the pore diameter.
Results and Discussion
Physical and Chemical Properties of
The chemical properties of the adsorbent was studied by investigating the basicity strength of 1%[bmim][CF 3 SO 3 ]/SiO 2 using the temperature-programme-desorption technique. The application of CO 2 as a probe molecule provided both the concentration and the basic strength of the adsorbent which in turn provided the IL with a powerful Lewis base donor solvent properties and thus facility solvation on CO 2 adsorption [9] . The basicity of IL is also considered to have a strong affinity towards CO 2 based on Pearson's hard and soft acid/base theory [10] . The basicity distribution curves of CO 2 .9 mg CO 2 /g adsorbent , respectively) during gas adsorption/desorption studies. The remarkable CO 2 adsorption capacity proved that basicity strength contributed to the higher CO 2 sorption and the choice of anion which contained the fluoroalkyl groups also increased the diffusion of CO 2 .
Adsorption Isotherms of CO 2 . The adsorption isotherm data was analyzed using the adsorption isotherm model of Langmuir and Freundlich. The Langmuir isotherm model suggests that uptake occurs on a homogeneous surface by monolayer sorption while the Freundlich isotherm model is used to describe the adsorption characteristics for the heterogeneous surface [11] . The Langmuir and Freundlich equation can be expressed in linear form as follows:
Where P is pressure, Q is the amount of CO 2 adsorbed in equilibrium, and Q o and b is a Langmuir constant and can be determined from the slope and intercept of the Langmuir isotherm, K f is an indicator of adsorption capacity and 1/n is a function of the adsorption strength in the adsorption process. If the value of 1/n is below one, it indicates a normal adsorption. The smaller the 1/n is, the greater a heterogeneity is expected; and if n lies between 1 to 10, this indicates a favourable adsorption process.
The data presented in Table 2 ]/SiO 2 was successfully prepared via the sol-gel method and the physical and chemical properties were analysed using the BET method and TPD-CO 2 technique. The N 2 adsorption/desorption study showed the significant reduction of the surface area and pore volume due to the confinement of IL within the micropore and mesopore area. The increase in IL loading also influenced the basicity strength of the adsorbent which in turn increased the adsorpion of CO 2 . Supported [bmim][CF 3 SO 3 ] on SiO 2 revealed the remarkable CO 2 adsorption capacity of 66.7 mg CO 2 /g adsorbent at atmospheric pressure and room temperature. 
